Abstract The sinonasal tract may give rise to a broad range of neoplasms that share a ''small round blue cell'' tumor (SBRCT) appearance on routine histology, but treatment strategies depend on precise tumor classification. Immunohistochemistry for p63 is often employed in the sinonasal SRBCT differential diagnosis because it is highly sensitive for squamous cell carcinoma (SCC). However, p63 staining may be observed in other tumor types, a potential diagnostic pitfall. P40 is a more squamous-specific isoform of p63, and it may be more useful in distinguishing poorly differentiated SCC from its mimickers in the sinonasal tract. Immunohistochemistry for p40 and p63 was performed on 171 sinonasal neoplasms with SRBCT morphology: 73 SCCs (67 poorly differentiated, non-keratinizing, or basaloid types and 6 nasopharyngeal carcinomas), 46 esthesioneuroblastomas, 11 sinonasal undifferentiated carcinomas (SNUCs), 11 lymphomas, 9 melanomas, 7 alveolar rhabdomyosarcomas, 4 solid adenoid cystic carcinomas, 4 NUT midline carcinomas, 4 primitive neuroectodermal tumors (PNETs), and 2 small cell carcinomas. P40 was positive in 72 of 73 SCCs, and showed a diffuse distribution in all but one positive case. P40 immunoexpression was also observed in 13 of 46 (28 %) esthesioneuroblastomas, 6 of 11 (55 %) SNUCs, 2 of 4 (50 %) adenoid cystic carcinomas, 3 of 4 (75 %) NUT midline carcinomas, 1 of 2 (50 %) small cell carcinomas, and 1 of 4 (25 %) PNETs; in the non-SCC tumors, p40 staining was focal in most cases. P63 was positive in every p40-positive tumor. In addition, a p63?/p40-phenotype was seen 5 of 11 (45 %) lymphomas, 4 of 7 (57 %) alveolar rhabdomyosarcomas, 1 of 4 (25 %) PNETs, and 3 of 46 (7 %) esthesioneuroblastomas. All sinonasal melanomas were negative for both markers. In the sinonasal SRBCT differential diagnosis, both p40 and p63 are highly sensitive for SCC, but p40 is more specific. Notably, p40 is consistently negative in lymphomas and alveolar rhabdomyosarcomas, two tumors that are frequently p63-positive. It must be remembered, however, that even diffuse p40 immunostaining is not entirely specific for the squamous phenotype, and therefore it should be utilized as part of an immunohistochemical panel.
Introduction
The sinonasal tract is a complex anatomic area that may give rise to a very diverse array of neoplasms ranging from epithelial (e.g., squamous cell carcinoma, salivary gland carcinomas) and neuroectodermal (e.g., esthesioneuroblastoma and mucosal melanoma) to mesenchymal (e.g., rhabdomyosarcoma) and hematopoietic (e.g., lymphoma). Many of these sinonasal malignancies have a very similar appearance on routine hematoxylin and eosin-stained sections: that of a ''small round blue cell tumor'' (SRBCT) characterized by a monotonous proliferation of cells with scant cytoplasm and relatively small nuclear size [1] [2] [3] [4] [5] [6] . The difficulty in distinguishing these tumors on routine histology is compounded by the fact that biopsies from the sinonasal region are frequently very small and commonly exhibit obscuring crush artifact [7] . Nevertheless, precise tumor classification is required for establishing prognosis and appropriate treatment strategies.
Immunohistochemistry is often very helpful for narrowing the differential diagnosis of a sinonasal SRBCT. P63, a transcription factor consistently expressed in normal squamous epithelium and squamous cell carcinoma, has been shown to be useful as part of a panel of immunohistochemical markers in this differential diagnosis, primarily due to its very high sensitivity for even poorly differentiated squamous cell carcinoma, particularly when the pattern of staining is strong and diffuse [2, 5, 6] . It is also clear, however, that p63 immunostaining is not limited to sinonasal squamous cell carcinomas, as esthesioneuroblastomas, neuroendocrine carcinomas, sinonasal undifferentiated carcinomas (SNUCs), salivary gland tumors, and even lymphomas may exhibit varying degrees of p63 immunostaining [2, 5, 6, [8] [9] [10] [11] . While the conventionally used p63 antibody 4A4 recognizes both the DNp63 and TAp63 isoforms of the p63 molecule, p40 is an antibody that recognizes only DNp63, the far more squamous-specific form [12] . Recent studies have shown that in certain scenarios, tumors that unexpectedly stain for p63 (e.g., lymphomas, pulmonary adenocarcinomas) are negative for p40 [8, [13] [14] [15] [16] [17] . As a result, it is possible that p40 may be more useful than p63 in the evaluation of a sinonasal SRBCT.
Materials and Methods
Formalin fixed and paraffin embedded tissue blocks from 171 sinonasal neoplasms with a poorly differentiated or ''small round blue cell'' appearance were retrieved from the Surgical Pathology archives of The Johns Hopkins Hospital. The cases included 67 squamous cell carcinomas (only poorly differentiated, basaloid, and/or non-keratinizing types), 46 esthesioneuroblastomas, 11 SNUCs, 11 lymphomas (7 diffuse large B cell and 4 NK/T cell types), 9 mucosal melanomas, 7 alveolar rhabdomyosarcomas, 4 solid adenoid cystic carcinomas, 4 NUT midline carcinomas, 4 primitive neuroectodermal tumors (PNETs), and 2 small cell carcinomas. Six non-keratinizing nasopharyngeal carcinomas were also included because secondary extension of a nasopharyngeal carcinoma into the sinonasal tract can enter into the SRBCT differential diagnosis. Thirty-eight of the cases were tested on whole slides, while the remaining 133 tumors were present on previously constructed tissue microarrays [18] [19] [20] . Immunohistochemistry for p40 (Ab-1; Oncogene Research Products, Cambridge, MA; 1:2,000 dilution) was performed on five-micron sections utilizing standard protocols on a Ventana Benchmark XT autostainer (Ventana Medical Systems, Inc. Tucson, AZ). Nuclear staining in \50 % of tumor cells was regarded as ''focal'' while positivity in[50 % was regarded as ''diffuse.''
Results
The results are summarized in Table 1 . Both p40 and p63 were positive in 66 of 67 (99 %) sinonasal tract squamous cell carcinomas, and for each antibody staining was diffuse in 65 of 66 (99 %) positive cases (Fig. 1) . In addition, 6 of 6 (100 %) nasopharyngeal carcinomas were diffusely positive for both immunostains. As expected, both p40 and p63 were positive in a peripheral (i.e., myoepithelial cell) pattern in 2 of 4 (50 %) adenoid cystic carcinomas. Also not surprisingly, 3 of 4 (75 %) of NUT midline carcinomas-a tumor known to exhibit varying degrees of squamous differentiation [20] [21] [22] -were positive for both p63 and p40. However, the pattern of staining in NUT midline carcinomas differed. In the p63-positive NUT midline carcinomas, staining was present in almost all tumor cells. On the other hand, for the p40-positive NUT midline carcinomas staining was diffuse in the overtly squamoid areas but only focal in the predominant undifferentiated cell component (Fig. 2a, b) .
Unexpected p40 immunostaining was also encountered. For example, 13 of 46 (28 %) esthesioneuroblastomas were positive for p40 compared to 16 of 46 (35 %) with p63, although only one esthesioneuroblastoma was diffusely positive for both markers. Six of eleven (55 %) SNUCs exhibited both p40 and p63 staining, with 4 of them showing diffuse positivity. One of the two (50 %) small cell carcinomas was focally positive for both p40 and p63. Finally, one of 4 (25 %) PNETs was diffusely positive for p40, compared to two of four (50 %) for p63 (Fig. 2c, d) .
P40 immunostaining was absent in hematolymphoid and mesenchymal neoplasms, with 0 of 18 staining. In contrast, p63 was positive in 4 of 7 alveolar rhabdomyosarcomas (all focal) (Fig. 2e, f) , 2 of 4 NK/T cell lymhpomas (both focal), and 3 of 7 diffuse large B cell lymphomas (all diffuse) (Fig. 2g, h ). Both p40 and p63 were negative in all cases of sinonasal mucosal melanoma.
Overall, both p40 and p63 were 99 % sensitive but p40 was 73 % specific for the diagnosis of squamous cell carcinoma (or nasopharyngeal carcinoma) compared with 60 % for p63. If considering only diffuse staining as positive, the sensitivity of p40 and p63 were both 97 %, but p40 was 94 % specific compared to 87 % for p63.
Discussion
Diagnostic pathology of the sinonasal area is very challenging due to the anatomic complexity and tumor diversity of the region, as well as the propensity for many tumors to share a non-specific small round blue cell morphology. Although diagnostic clues may be gleaned from routine hematoxylin and eosin-stained sections, very often ancillary tools-especially immunohistochemistry-are needed to arrive at the correct diagnosis. P63 is a relatively recent addition to the head and neck pathologist's armamentarium, and it is often employed in the sinonasal SRBCT differential diagnosis due to its high sensitivity for squamous and myoepithelial cells [2, 5, 6] . Increasing experience with p63, however, has shown that staining may also be unexpectedly encountered in certain tumors that may share a SRBCT appearance. P40 is an antibody specific for the more squamous-specific isoform of p63. In thoracic pathology, for example, p40 has been employed because unlike p63, it only rarely stains pulmonary adenocarcinomas [8, [23] [24] [25] . We sought to determine whether p40 offers a similar improvement in distinguishing sinonasal squamous cell carcinoma from its potential mimickers.
Examining 171 sinonasal/nasopharyngeal tumors with a SRBCT appearance, we confirmed that p63 has a very high sensitivity for squamous cell carcinoma in this differential diagnosis, as previously reported [2, 5, 6, 26] . We also showed that p40 demonstrates identically high (99 % each) sensitivity along with superior specificity (73 vs. 60 %) compared to p63. We confirmed that the specificity of p63 for sinonasal squamous cell carcinoma increased dramatically (to 87 %) when only diffuse staining was regarded as positive [2, 5, 6, 26] , and we found that this was also true for p40 (to 94 %).
While every p40 positive tumor was also p63 positive, a p63?/p40-immunophenotype was seen in 5 lymphomas, 4 alveolar rhabdomyosarcomas, 3 esthesioneuroblastomas, and 1 PNET. In these tumors, it is presumed that the p63 antibody Nasopharyngeal carcinoma 0/6 (0) 6/6 (100) 6/6 (100) 0/6 (0) 6/6 (100) 6/6 (100) is detecting the TAp63 isoform that is known not to be squamous-specific [12] . However, even p40 immunoexpression was not limited to squamous cell carcinomas. For adenoid cystic carcinoma and NUT midline carcinoma, p40 immunostaining was expected, but unexpected p40 positivityusually focal-was observed in some cases of focally p63-positive (e), but all cases were negative for p40 (f). Similarly, while five sinonasal lymphomas exhibited p63 immunostaining (g), all cases were p40-negative (h) esthesioneuroblastoma, SNUC, small cell carcinoma, and PNET. For SNUC and small cell carcinoma, the p40 immunolabeling may indicate some residual squamous cell carcinoma component, but p40 positivity is difficult to explain in esthesioneuroblastoma and PNET, where squamous differentiation is not known to occur. This aberrant staining shows that even though it is more specific than p63, p40 should still be used in the sinonasal SRBCT differential diagnosis only as part of a panel that should also include cytokeratins, CD45 (common leukocyte antigen), neuroendocrine markers (synaptophysin and chromogranin), melanocytic markers (S100, HMB45, MelanA), desmin, and CD99. In summary, p40 is useful in the analysis of a sinonasal SRBCT because it is highly specific for squamous cell carcinoma, especially if its pattern of staining is diffuse. In addition, it is more specific than p63 in this setting, with a complete absence of staining in alveolar rhabdomyosarcoma and, most importantly, lymphoma where p63 staining can be diffuse. In contrast, there is no clear advantage to using p63 in place of p40 in the differential diagnosis of a sinonasal SRBCT. At the same time, focal and rarely diffuse p40 staining can be unexpectedly encountered, and therefore it should be interpreted in the context of any histologic clues and other immunostains.
